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Several experiments reported hints for the violation of lepton flavor or lepton flavor universality
in processes involving muons. Most prominently, there is the hint for a non-zero rate of the flavor
violating Higgs decay h→ τµ at the LHC, as well as the hint for lepton flavor universality violation
in rare B meson decays at LHCb. In addition, also the long standing discrepancy in the anomalous
magnetic moment of the muon motivates new physics connected to muons. A symmetry which
violates lepton flavor universality, is Lµ − Lτ : the difference of muon-number and tau-number. We
show that adding vector-like fermions to a Lµ − Lτ theory generates naturally an effect in the
anomalous magnetic moment of the muon and h→ τµ, while effects in other τ → µ transitions are
systematically suppressed by symmetry arguments. We find that if Lµ −Lτ is gauged it is possible
to also accommodate the discrepant b→ sµµ data while predicting a τ → 3µ and a modified h→ µµ
rate within reach of upcoming experiments.

PACS numbers: 12.60.Cn, 12.60.Fr, 13.35.Dx, 13.40.Em, 14.80.Ec

Introduction. In the Standard Model (SM) of parti-
cle physics lepton flavor universality (LFU) is only vio-
lated by Higgs Yukawa interactions and lepton flavor is
even conserved (neglecting extremely tiny neutrino mass
effects). Any observation of the lepton flavor violation
(LFV) would be a clear sign for physics beyond the SM
and also evidence for LFU violation (LFUV), beyond the
Yukawa interactions, would indicate new physics (NP).

A prominant LFV process at the LHC is the flavor
violating Higgs decay h → τµ [1–3]. Interestingly, the
CMS collaboration found a mild excess of 2.4σ in the
search for h→ τµ [4] corresponding to

BR(h→ τµ) =
(
0.84+0.39

−0.37
)

% . (1)

This excess is consistent with the less sensitive ATLAS
analyses [5], that find observed limits weaker than the ex-
pected ones. However, searches for other LFV processes
such as µ → eγ, τ → µγ, or τ → 3µ have so far been
unsuccessful and put stringent limits on the presence of
new sources of LFV. Possible explanations of the h→ τµ
signal that are not in conflict with the null results from
other searches for charged LFV generically contain an
extended Higgs sector, i.e. new sources of electroweak
symmetry breaking (see for example Refs. [6–16]).

Hints for the violation of µ − e universality in rare B
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meson decays have been reported by LHCb.1 In partic-
ular, the LFU ratio RK

RK =
BR(B → Kµ+µ−)

BR(B → Ke+e−)
= 0.745+0.090

−0.074 ± 0.036 , (2)

has been measured for a dilepton invariant mass in the
range 1 GeV2 < q2 < 6 GeV2 by LHCb [18]. The mea-
sured value of RK disagrees with the theoretically clean
SM prediction RSM

K = 1.0003± 0.0001 [19] by 2.6σ. As-
suming that NP affects only the muon mode but not the
electron mode, the anomaly in RK is compatible with
other anomalies in rare b → sµµ decays and a com-
bined fit prefers NP to the SM by 4 − 5σ [20–23] de-
pending on assumptions made for the hadronic uncer-
tainties [20, 24–26]. This situation is naturally realized
in models with gauged muon-number minus tau-number
(Lµ − Lτ ) [9, 12, 27, 28], where a Z ′ gauge boson gives
tree level contributions to b→ sµµ transitions but leaves
the electron channel unaffected2.

The anomalous magnetic moment (AMM) of the muon
aµ ≡ (g − 2)µ/2, provides another motivation for NP
connected to muons. The experimental value of aµ is
completely dominated by the Brookhaven experiment

1 There are also hints for LFUV in semi-tauonic B decays [17]. Ex-
planations in terms of BSM physics require new charged current
interactions and will not be discussed here.

2 New physics explanations can also be obtained in other Z′ mod-
els [29–35]. Alternative explanations are models with lepto-
quarks [36–42]
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E821 [43] and is given by [44] aexpµ = (116 592 091 ±
54 ± 33) × 10−11, where the first error is statistical and
the second systematic. The SM prediction is [45–53]
aSMµ = (116 591 855±59)×10−11, where almost the entire
uncertainty is due to hadronic effects. This amounts to a
discrepancy between the SM and experimental values of

∆aµ = aexpµ − aSMµ = (236± 87)× 10−11 , (3)

i.e. a 2.7σ deviation3. Possible NP explanations be-
sides supersymmetry (see for example Ref. [54] for a re-
view) include leptoquarks [55, 56], additional fermions
[57], new scalar contributions in two-Higgs-doublet mod-
els (2HDM) [11, 58], also within the lepton-specific
2HDM [59–62], and very light Z ′ bosons [63–70], in par-
ticular the Z ′ gauge boson related to gauging Lµ − Lτ .

The abelian Lµ−Lτ symmetry is interesting in general:
not only is it an anomaly-free global symmetry within the
SM [71–73], it also leads to a good zeroth-order approx-
imation for neutrino mixing with a quasi-degenerate νµ,
ντ mass spectrum, predicting a maximal atmospheric and
vanishing reactor neutrino mixing angle [74–76]. Break-
ing of Lµ−Lτ is mandatory for a realistic neutrino sector,
and such a breaking can also induce charged LFV pro-
cesses, such as τ → 3µ [68, 77] and h→ µτ [8].

In this Letter we extend the basic Lµ − Lτ model
by including vector-like leptons which are neutral under
Lµ−Lτ . We find that in this framework the h→ τµ sig-
nal can be naturally explained without violating bounds
from τ → µγ. At the same time one can account for the
AMM of the muon and for LFUV in rare B decays.

The Model. We consider a gauged Lµ−Lτ model sup-
plemented with one generation of heavy vector-like lep-
tons. The Lµ−Lτ symmetry amounts to assigning charge
+1 to muons (and muon neutrinos), charge −1 to taus
(and tau neutrinos) while keeping electrons (and electron
neutrinos) uncharged. We choose the vector-like leptons
to be neutral under Lµ − Lτ . If one aims at an expla-
nation of the b → sµµ anomalies, one can in addition
introduce vector-like quarks with appropriate Lµ − Lτ
charges, as shown in Ref. [27].

The Lµ − Lτ symmetry is broken spontaneously in a
scalar sector. Besides the SM Higgs doublet H, it con-
tains a SM singlet scalar φ1 that carries Lµ − Lτ charge
−1 and a second SM singlet scalar φ2 also charged under
Lµ − Lτ . For reasons which will become clear later, we
assume that the Z ′ mass originates to a good approxima-
tion from only one of the scalars, φ2. Assuming negligible
mixing among the scalars and no couplings of φ2 with the
vector-like leptons, muons and taus (which can be eas-
ily achieved by an appropriate charge assignment), the
only role of φ2 is to provide the Z ′ mass, mZ′ , which
we will therefore treat as independent parameter. The

3 Less conservative estimates lead to discrepancies up to 3.6σ

only scalar that is relevant for the charged lepton phe-
nomenology is then φ1 for which we drop the subscript
in the following: φ1 → φ.

The vector-like leptons L and E (with the quantum
numbers of the SM lepton doublets and the lepton sin-
glets, respectively) have vector-like mass terms

LM = −MLL̄LLR −MEĒLER + h.c. . (4)

The Yukawa couplings of the vector-like leptons to the
Higgs doublet are given by

LY = −YLEL̄LHER − YELL̄RHEL + h.c. . (5)

The vector-like leptons can also couple to muons, taus
and the SM singlet φ

Lλ = −λµLµ̄LLRφ∗ − λτLτ̄LLRφ
−λµEµ̄RELφ∗ − λτE τ̄RELφ + h.c. . (6)

The masses ML and ME , the Yukawa couplings YLE and
YEL, as well as the couplings λi can in principle be com-
plex. For simplicity, we will assume them to be real in
the following4.

The Higgs doublet H and the scalar φ acquire vac-
uum expectation values v ≈ 174 GeV and vφ. In the
broken phase we parameterize the neutral components of
the Higgs and the scalar as H0 = v + (h+ iG0)/

√
2 and

φ = vφ + (ϕ+ ia)/
√

2 , where ϕ (a) is the CP-even (CP-
odd) component of the scalar, h will become the main
component of the 125 GeV Higgs and G0 provides the
longitudinal component of the SM Z boson. If φ was the
only source of Lµ−Lτ breaking, a would become the lon-
gitudinal component of the Z ′. However, provided that φ
gives only a subdominant contribution of the Z ′ mass, a
remains a physical degree of freedom and is a mass eigen-
state, to a good approximation. Due to Lµ−Lτ breaking,
the masses of ϕ and a can be split m2

ϕ −m2
a = O(v2φ).

In the broken phase, we obtain a 4×4 mass matrix for
the vector-like leptons, the muon and the tauL̄LĒLµ̄L

τ̄L


T ML vYLE 0 0

vYEL ME vφλµE vφλτE
vφλµL 0 vYµ 0
vφλτL 0 0 vYτ


LRERµR
τR

 . (7)

Rotating to lepton mass eigenstates will affect the cou-
plings of leptons to the Z, the Z ′, the (pseudo) scalar (a)
ϕ and the Higgs h. We parameterize the couplings as

L ⊃
(
ΓV Lψψ′(ψ̄Lγ

αψ′L) + ΓV Rψψ′(ψ̄Rγ
αψ′R)

)
Vα

+
(
ΓSψψ′(ψ̄Lψ

′
R) + ΓSψ′ψ(ψ̄Rψ

′
L)
)
S , (8)

4 Note that the couplings λi are absent for electrons, as electrons
are not charged under Lµ − Lτ . However, for electrons one
could consider mixing with the vector-like leptons originating
from Yukawa couplings to the SM Higgs doublet, or from vector-
like mass terms. We assume such terms to be absent, motivated
by the tiny electron mass. This could for example be enforced
by a global flavor symmetry under which electrons are charged.
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FIG. 1: Example diagrams giving rise to h → τµ (left), τ →
µγ (center) and (g − 2)µ (right) at leading order in v and vφ
after symetry breaking, i.e. after the external H and φ fields
are replaced by their vevs.

with V = Z,Z ′, S = ϕ, a, h, and ψ,ψ′ = µ, τ, L,E. After
symmetry breaking, ϕ can mix with h via a quartic term
λ|φ|2|H|2. While this mixing does not affect the CP-
odd components, the CP-even mass matrix has to be
diagonalized by

ϕ→ ϕ cosα− h sinα , h→ h cosα+ ϕ sinα , (9)

where sinα ' 2λvvφ/m
2
ϕ. The mixing has three impor-

tant effects: (i) it reduces all couplings of h to SM states
by a factor of cosα. Given the good agreement of Higgs
rate measurements at the LHC [78–80] with the SM pre-
dictions, the size of the mixing is constrained. Using the
measured combined signal yield relative to the SM ex-
pectation of µ = 1.09± 0.11, we find sinα . 0.36 at the
2σ level (see e.g. also [81]). (ii) it induces Higgs like
couplings of ϕ to all SM particles proportional to sinα.
Searches for ϕ → WW/ZZ lead to constraints on sinα
of the order of ∼ 0.3 for ϕ masses in the few hundred
GeV range [81–83]. (iii) it leads to non-standard flavor
violating couplings of h

Γhµτ(τµ) ' sinα
2vvφ
MEML

YLEλµL(E)λτE(L) . (10)

Note that the flavor violating Higgs couplings scale as
v2v2φ/(m

2
SM

2), with M = ME ,ML and mS = mh (mS =

mφ) if mφ � mh (mh � mφ). The two powers of vφ are
required to compensate the change in the Lµ−Lτ charge
by two units going from τ → µ. An example diagram
showing the leading order in v and vφ in the unbroken
phase is shown in Fig. 1.

Phenomenology. Using the flavor violating Higgs cou-
plings in Eq. (10), the h → τµ branching ratio is given
(at leading order in v and vφ) by

BR(h→ τµ) ' mh

2πΓh

v2v2φ
M2
EM

2
L

sin2 α

×
(
Y 2
LEλ

2
µLλ

2
τE + Y 2

LEλ
2
τLλ

2
µE

)
, (11)

with the total Higgs width Γh ' ΓSM
h cos2 α and ΓSM

h ∼
4.1 MeV [84]. We find that for couplings of O(1) and vφ
of the order of the electroweak scale, one can reach %
level branching ratios with vector-like lepton masses in
the few TeV range.

Also the flavor conserving Higgs decay h→ µµ is mod-
ified significantly. We find

BR(h→ µµ)

BR(h→ µµ)SM
'
∣∣∣∣1 +

v

mµ
tanα

2vvφ
MEML

YLEλµLλµE

∣∣∣∣2 ,
(12)

For a % level h → τµ rate, we generically expect O(1)
corrections to the h → µµ decay. The current bound of
BR(h→ µµ) < 1.6×10−3 [85] already starts to constrain
parts of the relevant parameter space.

Compared to h → τµ, the flavor violating tau de-
cay τ → µγ shows a different decoupling with the NP
scales. The dominant contributions to τ → µγ come
from loops of vector-like leptons together with the scalar
ϕ and pseudoscalar a. As τ → µγ violates Lµ − Lτ by
two units, the ϕ and a loops cancel up to terms of or-
der ∆m2/M2 = (m2

ϕ −m2
a)/M2 where M is the generic

mass of the vector-like leptons. The middle diagram in
Fig. 1 shows an example diagram corresponding to the
relevant contribution in the unbroken phase. We find the
following τ → µγ branching ratio

BR(τ → µγ)

BR(τ → µνν)
' 3αe

8π

v6∆m4

m2
τM

4
EM

4
L

(
λ2τLλ

2
µE + λ2τEλ

2
µL

)
×
[
YEL + YLE

(
ME

ML
+
ML

ME

)]2
, (13)

where we used the τ → µνν branching ratio as conve-
nient normalization. Due to the suppression by the small
mass difference ∆m2, the constraint from BR(τ → µγ) <
4.4×10−8 [86, 87], can be easily satisfied in regions of pa-
rameter space that lead to a percent level BR(h → τµ).
This is illustrated in the left plot of Fig. 2. We fix
sinα = 0.2 for ∆m2 = 0.1v2φ and ∆m2 = v2φ and scan
the couplings YEL, YLE , λµL, λµE , λτL, λτL in the range
0.5 − 2. We also scan 1 TeV < ME = ML < 3 TeV and
0.1v < vφ < 2v.

For the corrections to the flavor conserving observable
(g − 2)µ, the suppression by ∆m2/M2 is absent. The
dominant contributions arise again from loops of vector-
like leptons with ϕ and a. However, in contrast to τ →
µγ, the ϕ and a loops add up constructively. An example
diagram at leading order in v is shown in Fig. 1. We find

∆aµ '
1

8π2

mµv

MEML
YLEλµLλµE . (14)

For vector-like lepton masses M in the few TeV range and
O(1) couplings, this is in the right ball park to explain the
discrepancy in Eq. (3). The center plot of Fig. 2 shows
the regions of parameter space in the λµE vs. λτE = λτL
plane where both the h → τµ signal and the (g − 2)µ
discrepancy can be explained simultaneously. In the plot
we set ME = ML = 1 TeV, YLE = YEL = 2, tanα = 0.2
and consider the 3 scenarios: (a) λµL = λµE and vφ = v;
(b) λµL = 0.1λµE and vφ = 0.1v; (c) λµL = 0.1λµE and
vφ = 3v.

An additional important constraint in the discussed
setup comes from the flavor violating tau decay τ → 3µ
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FIG. 2: Left: Correlations between h → τµ and τ → µγ for sinα = 0.2. The couplings YEL, YLE , λµL, λµE , λτL, λτE are
scanned in the range 0.5 − 2 and and ME = ML in the range 1 TeV − 3 TeV as well as 0.1v < vφ < 2v. The gray region
is excluded by the current bound on BR(τ → µγ). The horizontal dashed line indicates the experimental central value of
BR(h→ τµ). Center: Regions in the λµE vs. λτE = λτL plane where both the h→ τµ signal and the (g− 2)µ discrepancy can
be explained simultaneously. In the plot ME = ML = 1 TeV, YLE = YEL = 2, tanα = 0.2 and we consider 3 scenarios specified
in the text. Right: Allowed regions in the vφ/v vs. mZ′/g′ plane from h→ τµ (1σ) and τ → 3µ (95% C.L.) for α = 0.1 (blue)
and α = 0.2 (red). In the gray region the b→ sµµ data cannot be explained by NP without violating Bs mixing bounds.

that is induced by tree level exchange of the Z ′. We find
a strong correlation of the τ → 3µ and h→ τµ branching
ratios

BR(τ → 3µ)

BR(τ → µνν)
'

2v2v2φ(g′)4

m4
Z′

1

tan2 α

BR(h→ τµ)

BR(h→ ττ)
, (15)

where we neglected small contributions to τ → 3µ from Z
boson exchange. The current upper limit of the branch-
ing ratio is BR(τ → 3µ) < 1.2 × 10−8 at 90% C.L. [17]
and sensitivities down to branching ratios of the order of
10−9 seem feasible at Belle II [88]. The current bound
already sets strong constraints on the ratio of Z ′ mass
and g′ gauge coupling

mZ′

g′
& 17 TeV

(vφ
v

) 1
2

(
0.2

tanα

) 1
2
(

BR(h→ τµ)

0.84%

) 1
4

.

(16)
If the Z ′ is to explain the hints for NP in b→ sµµ (once
vector-like quarks are added) without violating bounds
from Bs meson oscillations, the Z ′ parameter space is
contrained: mZ′/g′ . 5 TeV [9, 27]. Given the stringent
lower bound in (16), a simultaneous explanation of a h→
τµ signal and the B decay anomalies is only possible if vφ
is well below the electroweak scale. This is illustrated in
the right plot of Fig. 2. We explicitly checked that such
small values of vφ are compatible with an explanation of
h→ τµ and (g − 2)µ.

Summary and Outlook. In this Letter we proposed
a framework that can give rise to a h → τµ rate at
current experimental sensitivities without violating the
strong constraints from other flavor violating τ → µ pro-
cesses, in particular from the τ → µγ decay. Mixing of
the SM muons and taus with heavy vector-like leptons

leads to LFV effects, that are controlled by a gauged
Lµ − Lτ symmetry. The relative size of τ → µγ and
h→ τµ is determined by the mass of the vector-like lep-
tons and the mass of a scalar φ that breaks Lµ − Lτ ,
such that BR(τ → µγ)/BR(h → τµ) ∝ m4

ϕ/M
4. Inter-

estingly, despite the protection of τ → µγ, our Lµ − Lτ
model allows to explain the anomalous magnetic moment
of the muon because the corresponding flavor conserving
dipole operator is not protected by the Lµ−Lτ symmetry.
Similarly, also the flavor conserving decay of the Higgs
into muons is not protected by Lµ−Lτ and can show siz-
able deviations from SM prediction, testable at the LHC.
One can even account for the observed discrepancies in
b→ sµ+µ− data once vector-like quarks are added to the
model, leading to sizable rates for τ → 3µ observable at
Belle II.

The concept of our explicit Lµ − Lτ flavor model can
be easily generalized. In the absence of new sources of
electroweak symmetry breaking, a h→ τµ rate at the %
level is generically in conflict with the stringent bounds
from τ → µγ [14]. Barring fine tuned cancellations, the
corresponding upper bound on BR(h → τµ) . 10−6 is
four orders of magnitude below the current experimental
sensitivities for h → τµ. Even though the setup pro-
posed in this Letter does not contain new sources of elec-
troweak symmetry breaking, the constraint from τ → µγ
can be avoided because a flavor symmetry controls the
LFV transitions and enforces cancellations among differ-
ent contributions. The relevant dimension six operators
leading to h → τµ and τ → µγ decays are forbidden by
the flavor symmetry and require additional insertions of
a flavon field φ to compensate the flavor charge. If the
NP sector is sufficiently complex, it can contain multi-
ple scales and effects in τ → µγ can be decoupled from
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h→ τµ. Of course many other choices of flavor symme-
tries are possible and it would be for example interesting
to combine our framework with models that use flavor
symmetries at the electroweak scale to explain the hierar-
chical structure of the SM quarks and leptons [89–91]. It
would also be interesting to examine the possibility that
the scalar φ (and/or a) is responsible for the 750 GeV ex-
cess in γγ searches observed by ATLAS and CMS [92, 93].
This seems in general possible as the model already con-
tains vector-like leptons and quarks which can induce
couplings of the scalars to photons and gluons.
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